(12) 



UK Patent Application «GB fJ^Jlt 



(21) Application No 0210462.8 

(22) Date of Filing 06.09.2001 



(30) Priority Data 

131) 60231627 
(31) 60236484 
(3D 60287626 



(32) 11.09.2000 
(32) 29.09.2000 
(32) 30.04.2001 



(33) US 



(86) International Application Data 

PCT/US2001/027581 En 06.09.2001 

(87) International Publication Data 

WO2002/023009 En 21.03.2002 



(43) Date < 

t51> ^1843^^ 

(52) UK CL (Edition T ) 
E1FFJF 



(56) Documents Cited by ISA 



(58) Field of Search by ISA 
MOT YET ADVISED 



(71) Applicant(s) 

Baker Hughes Incorporated 

(MMd »» ^°^;Z box 4740. Houston. 
3900 Essex Lane, Suite 1200, ku. do* 
Texas 77210-4740, United States of America 

(72) Inventor(s) 

BennAVoll 
Rick Peterson 



(72) cont 

John T Broome 

Ken Dyson 
Simon Angelle 
JohnLBaugh 

(74) Agent and/or Address for Service 

Murgrtroyd& Company . 
Scotland House, 165-169 Scotland Street 

GLASGOW. G5 8PU United Kingdom 



<54> MuX« screen and downhCe common method 

(57) A downhole comp.etion method and an expandable ™CrUces 
SembwTomprises a pluraHty of laye^ 

Sce\eou£edfor expansion. ^^S^ZZo^Zro m burrs inthe base pipe. Afi.trat.on 
drainage layer improves fto* > through .the J, roud prot ects the assembly dunng run ,n. The 




.™. , COT n UNDER THE PATENT COOPERATION TREATY (PCT) 
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PA 



PCT 



(19) World Intellectual Property Organization 

International Bureau 



(43) International Publication Date 
21 March 2002 (21.03.2002) 

(51) International Patent Classification 7 : 
43/10, B01D 29/00 

(21) International Application Number: PCT/US01/27581 

(22) international filing ^^^^ ^001) 




(10) International Publication Number 

WO 02/023009 A3 



E21B 43/08. 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/231,627 
60/236,484 
60/287,626 



USeptember2000(11.09.2000) US 
29 September 2000 (29.09.2000) US 
30 April 2001 (30.04.2001) US 



(71) Applicant: BAKER HUGHES INCORPORATED 

! ( fUS/US); Suite 1200. 3900 Essex Lane, Houston. TX 

; 77027 (US). 

S DYSON, Ken; 5010 Main Highway, St Martnvdle. LA 

I TO582 0JS). ANGELLE, Simon; 1972 Bushv, k > Htgh- 
| A-udviUe, LA 70512 01* BAUGH^ohn L., 

a 7519 Plum Tree Forest Court. Houston, TX 77095 (UJ». 



,74) Agents: CARSON, Matt et al.; Baker Hughesln^o- 
( rated. Suite 1200. 3900 Essex Lane, Houston. TX 77027 
(US). 

(81) Designated States (national)! AB, AG, AL, AM, AT. AU, 
AZ,BA,BB.BG,BR,BY,BZ.(^.CH,WCR.CTJ.CZ. 

DE,DK.DM.DZ,EE,ES,F1.GB,GD^GE^GH GM.HR. 
HU ID. IL, IN. IS, IP, KB, KG, KP, KR K^LCJLK,LR, 
LS.LT, LU, LV, MA, MD. MO MK MN. W MX. MZ. 
NO NZ, PL. PT, RO, RU, SD, SE, SG. SI, SK, SL, TJ, TM, 
TZ. UA. UG. UZ. VN. YU, ZA, ZW. 

ma ivsieaated States (regional): ARIPO patent (GH, GM. 
(84) g^^JJSg SL / SZ , TZ, UG, ZW), Eurasian 

pjttent^AM^AZ, BY. KG, KZ, MD, '^iT^r^^dP^^P^p' 
patent (AT, BE, CH, CY, DB, DK ; ES FI. FR GB, GR, IE 
rrTU MC NL, PT, SE, TR), OAPI patent (BF, BJ, CF. 
Si ciS, GA, ON, GQ, GW, ML, MR, NE. SN, TD, 
TG). 



Published: 

— with international search report 

(88) Date of publication of the International "J-jX, 

For two-letter codes and other abbreviations, refer to the "Ouid- 

7n7 N 7Z n CodesandAbbr^^ 

ning of each regular issue of the PCT Gazette. 



(54) Title: MULTI LAYER SCREEN FOR DOWNHOLE USE. 

24 



3 



r4 



o 
O 




(57) Abstract: A downhole completion me ^*°^ n ^ twTb^^pi^^W^Tbe ^^to^(l^rwta^^e'foTO'wq^^ a f^r ^P^^^ 
a plurality of layers beginning with a coated P^^^^^^^The 'drainage layer improves flow through ^the 
A drainage layer (24) overlays the base ^^^l^l^^ni layer fits (32) over the filiation layer and£ 
filtration layer and protects it from ^" n V". ^^Ublyran be used as made or expanded downhole in one or a series 

outer shroud (34) protects the assembly during run in. The assembly can ne 

of expansions. 



INTERNATIONAL SEARCH REPORT 



IntlBBtional Application No 

PCT/US 01/27581 



tpcT^W^^SUaAO B01D29/00 



Acoordhg to IntamaHonal Patent Oassificatlon (IPC) orto both national classification and IPC 



B. FIELDS SEARCHED 



Minimum ctocurnentatbn searched (dassifteatlcn system fottowed by dassUtaation symbols) 

IPC 7 E21B B01D 



Documentation searched other than minimum documentation to the extent that such documents am Included In the fields searched 



Electronic data base consulted during the Irrtematfonal search (name of data base and, where practical search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Jntfcatton, where appropriate, of me relevant passages 



Relevant to dalm No. 



GB 2 336 383 A (BAKER HUGUES INCORPORATED) 
20 October 1999 (1999-10-20) 
claim 1 

page 5, line 18 - line 20 

US 4 483 399 A (COLGATE) 
20 November 1984 (1984-11-20) 
column 6, line 59 - line 63 
column 7, line 8 - line 11 
claim 3 

US 3 680 183 A (SUNDBERG) 
1 August 1972 (1972-08-01) 
column 14, line 15 - line 27 
column 7, line 42 - line 46 
column 2, line 12 - line 21 



® 



Further documents are listed In the continuation of box C. 



ID 



Patent family members are listed In annex 



j • Special categories of ctted documents : 

•A - document defining the general stale of the art which Is not 

considered to be of particular relevance 
*E" earlier document but published on or after the International 

filing date 

•L* document which may throw doubts on priority daim(s)or 
which Is c&ed to establish the pub&caiion dale of another 
citation or other special reason (as specified) 

O* document referring to an oral disclosure, use. exhibition or 
other means 

»P- document pubfehed prior to the International filing date but 
later than the priority dale claimed 



T later document published after the International filing date 
or prforfiy date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

•X" document of particular relevance; the dalmed Invention 
cannot be considered novel or cannot be considered to 
involve an hvenuVe step when the document is taken alone 

*Y* document of particular relevance; the claimed Invention 
cannot be considered to involve an UwentJve step when the 
document is combined with one or more other such docu- 
ments, such corrittnatton being obvious to a person akifled 
In the art 

■&• document member of the same patent family 



Date of the actual completion of the International search 

26 July 2002 



Dale of mailing of II 



report 



Name and mailing address of the ISA 

European Patent Office, P.R 5818 Palenllaan 2 
NL-2280HVR!)swQk 
Tel (+31-70) 340-2040, Tx. 31 651 epo nt. 
Fax (+31-70)340-3016 



Authorized officer 



S0GN0, M 



INTERNATIONAL SEARCH REPORT 



I mtSBGtlonaJ Application No 

PCT/US 01/27581 



C-tContlnuatton) DOCUMENTS CONSIDERED TO BE REIEVAnT 



US 5 979 551 A (UBAN) 
9 November 1999 (1999-11-09) 
column 1, line 54 - line 66 

WO 00 50733 A (SHELL OIL COMPANY) 
31 August 2000 (2000-08-31) 
page 6, Hne 10 - Une 15 
page 1, Hne 24 - line 28 



Y 
Y 



A,P 



WO 00 37766 A (ASTEC DEVELOPMENTS LIMITED) 

29 June 2000 (2000-06-29) 

abstract 

SB 2 344 606 A (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPI0 B.V.) 
14 June 2000 (2000-06-14) 
page 7, Hne 24 - line 30 

EP 0 952 306 A (SHELL INTERNATIONALE 

RESEARCH MAATSCHAPPU B.V.) 

27 October 1999 (1999-10-27) 

column 6, line 54 -column 7, Hne 1; claim 

10 __ 

W0 98 00626 A (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPU B.V. ) 
8 January 1998 (1998-01-08) 
abstract 

WO 95 25239 A (ATLAS COPCO 6E0TECHNICAL 
DRILLING AB) 

21 September 1995 (1995-09-21) 
page 2, Hne 21 - Hne 26 

W0 01 33037 A (SHELL OIL COMPANY) 
10 May 2001 (2001-05-10) 
page 27, Hne 22 - Hne 31 

WO 01 98623 A (SHELL OIL COMPANY) 
27 December 2001 (2001-12-27) 
claim 1 

W0 00 50732 A (SHELL OIL COMPANY) 
31 August 2000 (2000-08-31) 
page 4, line 15 - Hne 25 

SB 2 329 916 A (BAKER HUGUES INCORPORATED) 
7 April 1999 (1999-04-07) 
page 9, Hne 18 - Hne^25 

US 3 099 318 A (MILLER) 
30 July 1963 (1963-07-30) 
column 7, Hne 17 - Hne 32 

. -/- 



(Relevant to claim No. 



15,16 



15 



15 



15 



15 



15 



15 



20 



20 



20 



... . -i »» » kJ.> ieoo\ 



INTERNATIONAL SEARCH REPORT 


liitlmUonal Application No 




PCT/US 01/27581 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Cftalton of document, with tncQcatton .where appropriate, of the relevant passages 



Relevant to claim No. 



US 6 354 373 Bl (VERCAEMER) 
12 March 2002 (2002-03-12) 
abstract 

US 5 901 789 A (DONNELLY) 
11 May 1999 (1999-05-11) 
cited in the application 
column 5, line 1 - line 8 
column 7, line 20 - line 34 
column 4, line 56 - line 59 
column 5, line 33 - line 40 

GB 2 326 896 A (S0FITECH N.V.) 
6 January 1999 (1999-01-06) 
page 3, line 6 - line 9 
page 9, line 14 - line 20; claim 3 



FR 2 771 133 A (DRILLFLEX S0CIETE AN0NYME) 
21 May 1999 (1999-05-21) 
page 6, line 30 - line 34 
page 6, line 12 - line 22 

US 5 611 399 A (RICHARD) 

18 March 1997 (1997-03-18) 

cited in the application 

column 2, line 53 - line 66; figure 10 

US 5 980 745 A (V0LL) 

9 November 1999 (1999-11-09) 

column 3, line 3 - line 36; figure 3A 

US 2 217 370 A (JOHNSTON) 
8 October 1940 (1940-10-08) 
page 1, left-hand column, line 29 
-right-hand column, line 2 



20 
24 

20,21 
24 

18 
24 

24 

24 
24 



INTERNATIONAL SEARCH REPORT 



international application i No. 
PCT/US 01/27581 



2 D Sr.»«^^ 



3 - □ K^yan,^^ 



This International 



Searching Authority found multiple Inventions m Ms International application, as follows: 



see additional sheet 



, pi As a., reared addM search fees ware « paid by the applet, Ws intentional Search Report covers a. 
UU searchable claims. 

1 — 1 of any addlttonalfee. 



Remark on Protest 



Q The additional search fees were accompanied by the applicants protest 
rsjo protest accompanied the payment of additional J 



c — Prrr/IRAA210 (continuation of first sheet (1)) (Jury 1998) 



Internationa] Application No. PCTllS 01 £7581 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this International application, as follows: 

1. Claims: 1-14 

Expandable filter assembly for downhole use, comprising at 
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Title: 



MULTIJAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

10001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
BackgroiP "* «f *hfe Invention 

[0002] Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,611,399. 
100031 More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
torn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent 6,012,522. In mis patent, overlapping segments of screen are 
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pta d on . base pip, wbi* is *» ^ 

position in to weU bore or a 1** » ° f te " 

portions of to filtering materia, mustbemoved Native «o «ch otor which subjects 
^ to .earing which in »m can result in a faUure of to expanded sereen assembly 

capacity to withstand collapse. 

,0004, Che. paten* telating to pipe expansions « U* Patent 5^,789 and 
5,366,012. 

(0005, lb. main objective of to present invention is to aU.w easy —00 of to 
^ „ the deallocation Mowed by expansion to reduce to volume of to 
«*, space around to screen Yet another object of to invention is to expand to 
^ against to formation to entire* eHminate to annular space around it Ye, 
mote r objective of to present invention is to alow to use of to structure of to 
s^ea downhole evetswitout expansion. Another objective of to present invention 
is to decrease foe amount of stress on to filtration member when expanded. Yet 
mother objective of .to present mveution is to provide a si*nficantty stronger 
structure for the finished product, which even after expansion presents a greater 
Usance to coUapse. Anofo* object o, to dnvention is to provider mud. as 
possMe, muformity in to opening s*e of to filtration layer after the.ass«nbly is 
o^nded. Anofoer objective is to provide sufficient stiengfo in to assembly, after 
mansion to aUow i. to be«er resist dirxerentiabpressures. Still anotor objective is to 
^cetoeffort required for expansion and to stage to overall expansion in discrete 
steps. Tbese and other advantages of to present invention will be appreciated by 
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those skilled in the art from a review of the description of the preferred embodiment, 

which appears below. • 

RTT tyfMARY < ™ THff. TNVENTION 

[0006] A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises aplurality of layers beginning with a coated 
perforated base pipe; The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. I 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2J2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a multi step expansion: of the filter 
assembly. i 

[0010] Fig. 4 is a section view of a second step, in a multi step expansion of the filter 
assembly < 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of : the present 
invention. 

PETA^ED TiF-SfTRTPTTON ™ TTTF, PREFERRED EMBODIMENT 
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,M»n»i.i.— n-«*'* ,, "* ,,,- "' ,m 
n. innermost iav« » • **— ^ e 10 ' wbich te a pluraUty ° f 

12. Base pipe 10 provides a firm foundation f* Are layer, above. The pattern of the 
W. 11 is optimized to strike the beat balance between collapse resistance after 
^on and minimization of the fore required to expand mis lay* and those 

opposite ends to allow sections of the filter assembly A to be secured together, giving 
greater torsion and tension sttragm for the filter assembiy A. A coating 18 made 

Whitford Corp. man.mo.ores the coating under the name Xylan ^Ultimately, 
when an expander 20 (see Kg. 3) is moved through base pipe 10, the coatmg 18 will 
.educe the required expansion face. The greater coll^se resistance of the base pipe 
10 promotes borehole stability after expansion; The optimization of me«penings 12 
promotes the highest expansion rate for a given material for base pipe 10 while atffi 
jeaving sufficient inflow area through me pipe openings or perforations 12. Using 
ro „nd, rounded, or otml opening instead of slots provides for a mechanic* sttonger 
filter assembly A. In the prefer«d embodiment, the coating 18 is Xylan and it con 
provide a reduction in, required force for a given expansion by as much as 50%. The 
coating 18 also helps resistance to gaffing by the expander 20 or a subsequent 
expander such as 22 (see Fig. 4). 

10013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 10. and filtration layer 26. The drainage layer 24 promotes flow 
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^ the filuauon >ayer 26 and the opening, 22 o, the »- *• 10 b "» 
prferred embodiment the drainage 24 is, weave, selected fro* abroad array 
of A braided weave desige is cruram, preferred, although other weave 

^^beusedThep^ma.eriaiisavailabletan^eyHoseas.6" 304 

SS Braid 600 304B. Tire drainage lay« 24 protects the filtrauon tay«* 26 from burrs 

te ,„ prodootion, tbe presence of the drainage layer 24 provides sfcucteral supper, 
for the filhnfion layer 26. The braided wire drainage layer 24 could be subsuhated 
• ^ a shroud of some type, ahhr » outer shroud 34, drat would have stendoif fiom 
fee base pipe 10. 

100141 Mounted overifce drainage .ayer 24 is Ore filtration iayer 26. The filtration 

weave. Tnis material gives ve* ri» to the opening size, after 

^on. h this manner there ear, he confidence in the particle size, which wB. no. 
pass ffltrauonlaye^while giving greater protection against plugging or Ore passage 
of too many particles. As shown in Fig. 1, the filtration layer 26 is ortented at an 
angle to me longftudinal a*, of me filter assembly A- Tins angle can be:in the range 
of about 10 to about 80 degrees wim abo* 20 degrees being pref^. Orienting the 
filtering layer 26 at in angle allows minimization of change in opening size and 
unifennfty, resulting .fiom mansion. The Duteb TwiU weave provides greater 
doaahmty and particle holding capacity. Negative effect on hole size and umfermfty 

pauen, A reverse weave is one where Ore diameter of the weft (abate) wires 28 is 



5 



WO 02/23009 



PCT/US01/27581 



teg erS.anthew^vrir«30by= S m«cha Sa bo« t 50p«rc« 1 tTT 1 ccomtina t ionoffte 
mgote placet of*, filiation layer * by a spiral winding technique coupled 
with a raven* weave yields a more predictable and uniform opening size after 
expansion. 

(00151 Mounted overifoe filtration layer 26 is the filtration enhancement layer 32. 
This layer promotes greater flow conductivity from the outermost layer, the outer 
shroud 34. Layer 32 acts as a ooarse filter to layer 26 and prolongs the life of filtration 
layer 26. This can be seen in the graph of Fig. .5, where the addition of the filtration 
enhancement layer is curve 36. The same filter assembly A of the present invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
represents the performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates that the addition of the filtration enhancement 
layer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG for the 
same flow conditions: Leaving out the filtratito enhancement layer 32 also makes 
that version of the present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave, A suitable 
Compound Balanced , material is available from Porous Metal Products, model # 
CB_3_96_192_21/24.. A metallic material is preferred. 

[00161 The outer shroud 34 is preferably formed from spirally winding a perforated 
sheet into a tube. The hole size and pattern is optimized to facilitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have foe 
inflow area of the openings maximized but to limit foe opening size and use a 
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^ p„pose of the outer shroud ,4 is to P»fcct the foyer befow torn ^ 
during rua in. 

,0017, The laye* can be joined fogefo- by swegfog fo reduce foe outside diamefor 
of^.ffl.ora^b.y^Swagingdsor^cs.ho^ooaU^.o.asooowi.h.ogard 

to elusion and provides greater stiengfo agar* collapse after mansion. It . 
^ fo annea! foe components individudly before paging or to annea! fo. 
fflounon assanbl, A after all the component have been assonbUd, Doing Ms 
^ a greater de*ee of expansion wifoofo Mure Thi, benefit in parhculariy 
feeble to ft. base pipe ,0. The type of anneahng envisioned is solution anneahng 
to ISOOdegreesF. AuneaHng of the base pipe 10 is done before applyfogfoe coating 
U due fo the inability of the coating 18 to withtfand foe annexing temperatures. 
Bering can be used, insfoad of swagfog fo i<dn foe layers fogefoer. The laye* are 
^feably assembled fo foe following ^ded wire of suifoble drainage 

tayCT 24 » placed on fo. base pipe 10 which has previously been drilled wifo ho!es, 
eoaredandforeaded. Then, foe filtration layer 26 iswrapped at au angle over foe fop 
of the drainage layer 24. Another layer, called foe filtration enhancement layer 32 is 
oiacedover foe top of mentation layer 2*. Th<*,anoufor shroud 34ispfoced over 
». filtration enhancement layer 32 and foe tafl package is run through a set of dies 
totswagesorforcesaUcomponentetovigomuslyconta^e^ofoer. , 

[00181 The fitter assembly A has foe adv^geof superior per&manee, vfoefoer i. is 
e^^downboieof not rf it is netted, it c»be gravel packed info, known 
^ Fig , 3 * 4 iftustiate a unique step_wise expansion techfooue. In a first 
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step, an expander 20 which may be a fixed cone or a cone with variable diameter is 
mo ved downwardly through the filter assembly A to achieve about a 1 5% expansion. 
At the lower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or :cone 22 to increase the overall expansion to as much as 50%. 
As previously stated, more expansion steps can be used and different degrees of 
stepwise expansion and overall expansion can be obtained with this technique. It 
should be noted mat the second expansion does not necessarily have to proceed in a 
direction opposite the first expansion. 

[0019] There are many applications of the filter assembly of the present invention. In 
horizontal open hole completions there are usually more than 1,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because there is so 
much contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen directly opposite of the 
formation then the velocity would be too low to transport sand fiom unconsolidated 
formations or cause erosion. There are many wells in which erosion is .taking place 
and sand is being produced. Presently there are a couple of theories that explain this 
occurrence. First the formations may be so unconsolidated that they simply fall apart 
when the pressure in foe well bore used to control the well during Idrilling and 
completing the well is removed. This is referred to as hole or formation collapse. A 
second possibility is that fluid flows along the path of least resistance. This may be 
on the inside of a screen mat is in place or along the outside. As the flow proceeds 
towards the beginning of the open hole section, foe accumulative effects of 
production means foe velocity is much higher towards foe top section (beginning) of 
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theopenhole. l»t^(«-^^« to *^-^ 0 ^ rf 
the screen to transported and to erode the formation and screen. 

l hole horizontal well the annulus. between the 



[0020] By expanding screen in an open ] 

.rf. means greats, resistance to flow and therefore podnetion flow is reduced on 
toe^oiofibosoreao^mor^oufteoterior. Tto reduction in eaerior flow 
mea ns Iowa velocities near the well boro and therefor, less sand transportability and 
less erosion effects. • 

[00211 Expansion can also aid in fonnation stability by physically supporting the 
formation if the screen is expanded until it is touching the formation. This support in 
turn could prevent the: collapsing of the formation when the pressure in the well bore 
is reduced. 

. (00221 In cased hole appHcations filtration assembly A offers die advantage of a large 
inside diameter for remedial work below its installation. Another advantage is that in 
trac packs and gravel packs all that is necessary to do is to place the proppant or sand 
in the perforation tunnels and fonnation fractures. Annular packs between the screen 
and foe casing, which are often difficult to achieve, are not necessary since expanding 
screenremoves this annulus. The filter apparatus A could also be used in conjunction 
with a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not filled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal , axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to fecihtate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 

to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 

degrees F. 

5. The assembly of claim 1, wherein: 

said inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. Hie assembly of claim 6, wherein: t 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 

9 The assembly of claim 6, wherein: 

dimension. 
10. The assembly of claim 6, wherein: : 

s*d filteringtayer corned . weavehavingweft and wttpwires and 
wterein one of said weft and warp wires is disposed at an angle of 
abont 10-80 degrees with respect to the longitudinal aris.of said b*» 
pipe. ' 

11. The assembly of claim 10, wherein: i 

said weft wirea have a larger diameter than said warp wires by as 

much as about 50%. 
12. The assembly ©f claim 10,wherein: » 

said at least one filtration layer further comprises a wov« drainage 
layer on add base pipe and a main nitration layer, said drainage layer 

13. The assembly of claim 14, ftrfher comprising: 

a filtration enhancement layer monnted over said main filtration layer 
and former comprising a weavcsaid drainage layer and said filtration 
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enhancement layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: I 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base , pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least.one filtration layer mounted over said base pipe, 
• sa id inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 

about 10-80 degrees with respect to the longitudinal axis:of said base 

pipe, i 

19. The assembly of claim 18, wherein: ) 



12 



WO 02/23009 



PCT/US01/27581 



.aid iayers each being annealed to facility subdue* expansion 
downhole; 

said fitafion layer and said base layer are swaged together and aaid 
sealing further co-nprises sohttion ceding at up » "bout 1800 
degrees F. 

20. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe; and 

an expander capable of multi-singe expansion of said base pipe and 

said filtration layer. 

21. The assembly of claim 20, wherein: i 

said base pipe is expanded in stages np to about 30% above its original 

dimension. 

22. The assembly »f claim 20, wherein: i 

aaid lave* eaeh being amtealed to facilitate sub^t expansion 

downhole; 

..id filtration layer and said base layer are swaged together and said 
a^ealing ftaiher comprises solntton anneafing at np to abont 1800 
degrees F. 

23. The assembly of claim 22, wherein: : 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 
pipe. ' 

24. An expandable filter assembly for downhole use, comprising: 

' a base, pipe having an inside .surface, a longitudinal .axis, and a 
plurality of openings; 

at least.one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis of said base 
pipe. » 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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